How to improve reading instruction is a widely discussed issue among researchers, practitioners, and politicians. The use of computers in initial reading instruction has been regarded as one way of improving students' reading, and different approaches have been elaborated concerning computer use in reading instruction. In recent years, many teachers have started to use something referred to as "learning to read through writing on computers." 1 This article explores this and tries, based on a project in four 25 primary schools, to look into whether the use of computers in initial reading instruction actually makes a difference for students' performance on reading tests.
A municipality in the Stockholm region concluded in spring 2012 that their students' results on the national test in Swedish in Grade 3 were not as good as they wished it to be. It was decided to invest in a project that the municipality hoped would improve the results. Interested schools were invited to participate in a project and were offered extra resources to support reading and writing instruction for students who were to start Grade 1 in autumn 2012. The project was supposed to contain in-service training for the participating teachers, support to use computers as an important part of initial reading, and writing instruction and more resources to provide early remedial education to students with problems with reading and writing development. As a part of the project, it was decided not only to implement the project, but also to evaluate it. Contacts were established with interested researchers, and we accepted an offer to follow the students over a period of three years. In addition to the two project schools, two other schools in the municipality that did not participate in the project were contacted to be control schools in the study.
This article is the result of the longitudinal study that came out of this. The purpose of this article is to see if there were any differences between the schools in respect to students' reading and writing skills at the beginning of Grade 1 and at the end of Grade 3 and whether possible differences between the students' performance in the different schools can be explained by the use of computers.
Although the project contained three elements (in-service training for participating teachers, support to use computers, and early remedial education), this article will focus on the use of computers in initial reading and writing instruction.
Literature Review
The use of computers in early reading and writing instruction can be approached from different levels. The use of computers in general in initial reading and writing instruction can be studied and then more specifically the use of computers in reading instruction can be studied. We will start with the general use of computers in reading and writing instruction and then move to the more specific use of computers in the reading and writing instruction that to some extent guided the teachers in this study.
Several research overviews including a larger number of studies have been made on the effect of using computers in reading and writing instruction. In 2000, the National Reading Panel presented a comprehensive overview of research about reading and writing instruction (National Institute of Child Health and Human Development [NICHD], 2000) . Their conclusion then was that computers seemed to motivate the students, but that existing research was rather limited and more research would be needed. In 2009, the use of computers in reading instruction was one of many areas included in Hattie's large meta-analysis (2009) . In total, Hattie found eight meta-analyses that had looked at the use of computers in reading and writing instruction. Hattie concluded that when computers were used to improve students' spelling, there were positive results, but for all other use of computers in reading and writing instruction, no strong impact could be seen. Håkansson and Sundberg (2012) looked at Information and Communication Technology (ICT) use as a success factor and found no strong indications that the use of computers has a positive impact on learning (p. 240), but they also concluded that it may have a positive impact on students' motivation and could provide opportunities to train cooperation and independence (p. 248). As a part of the SKOLFORSK project, Taube, Fredriksson and Olofsson (2015) made an overview of research about reading and writing instruction for young children that contained a section on the use of computers in reading and writing instruction. In total, 19 meta-analyses were found that had been published after the year 2000 and were based on 1,500 articles in peerreviewed journals. The results of these analyses showed the effect size was usually quite modest. These articles covered many different types of computer use; in the overview, a distinction was made between those that dealt with reading and those that dealt with writing. Generally, the effect size tended to be larger when computers were used for writing instruction than for reading instruction. It was also noted that the effect size for using computers in writing instruction was not bigger than the effect size for using other methods for specific writing instruction.
The use of computers in the project schools was not just a general use, but was inspired by the approach introduced by Trageton (2005 Trageton ( , 2014a . Although Trageton is often presented as the inventor of the method referred to as "learning to read through writing on computers," similar ideas had been introduced earlier. As early as 1980, IBM promoted a method referred to as "Writing to Read," which was examined by Slavin in 1991 . Slavin (1991 found 29 different evaluations of the methods from different school districts in the US. He could not find any obvious differences in reading results between those who had been taught according to the method and those who had received more traditional reading instructions, but he assumed that more research would be needed. Trageton (2004) presented a method for using computers in reading and writing instruction. The ideas presented in Trageton's books have been further elaborated in other books (Lövgren, 2009; Hultin & Westman, 2014) . In short, the method contains the following elements:
• Use of computers in reading and writing instruction; • Students are encouraged to write before they know all letters and before they have cracked the reading code; • Use of a computer or tablet as the primary writing tool in preschool classes and in Grade 1 and no instruction during these years on how to write by hand; • The students work together in pairs with the computers; and • The students' own written texts are used as a starting point for instruction. Some studies have evaluated the impact of this method. These studies have reported some findings that would suggest good results when the method has been used Learning to Read Using Computers 27 (Agélii-Genlott & Grönlund, 2013 Folkesson, 2004; Folkesson & Swalander, 2007; Liberg, 2014) . Unfortunately, these studies suffer from serious methodological issues. It should be noted that Trageton has not published any articles in scientific peer-reviewed journals. In his books, he referred to some unpublished studies in which he claims that there was no difference in reading results, but wrote results in favour of students who followed his methods. Folkesson (2004) examined two school classes that had followed a method similar to the one suggested by Trageton and found that that classes had slightly better results in reading than the average results of Swedish students in the then-latest available national assessment made in 1995. Folkesson and Swalander (2007) tested students from grade 2 who had used computers to write as their reading instruction and compared them with other students who had received more traditional reading instruction. The students who had received their instruction with the support of computers had better results than the other students. Agélii-Genlott and Grönlund (2013) tested students who had received reading instruction inspired by Trageton's ideas using material from the National Agency for Education (the testing material 'Nya Språket lyfter') and compared them with another group who had received more traditional reading instruction. The group that used computers had better results on reading and much better results on writing. In a larger study, Agélii- Genlott and Grönlund (2016) also used the national test in Swedish to compare students in Grade 3 who had received reading and writing instructions inspired by Trageton with students who had received a more traditional instruction. Among the students who had received instruction inspired by Trageton, a significantly higher number had achieved the passing level on the test than among the other students. Liberg (2014) compared two Grade 3 classes who had used computers in reading and writing instruction according to Trageton's methods with the results of other classes in the same grade in the same city. The two studied classes scored lower than the other classes in the city on the parts of the test that concerned reading, but had better results on writing.
It should be noted that there were methodological problems in several of the studies described above. To assess the effects of an intervention such as the use of a specific method for reading and writing instructions, the test should be repeated several times, and the test used should be standardised. Compared groups should be as equal as possible, and it is preferable that participants be matched through some kind of pre-intervention test.
Based on this overview of relevant research, there is no strong evidence that the use of computers in reading instruction is better than more traditional reading instruction. In the case of writing instruction, there seems to be a stronger case for the use of computers, but in comparison with other methods that promote writing skills, the use of computers does not seem to yield exceptional results. The results from studies that have specifically looked at the type of computer use in reading and writing instruction advocated by Trageton do not provide undisputable results, but tend to show the same thing as the more general research on the use of computers in reading and writing instruction. There are no obvious advantages related to results in reading, but there may be an advantage related to writing skills.
Theoretical Framework
To explore the impact of computer use as an important part of initial reading and writing instruction, it is essential to establish a framework in which we can give a general description of reading and writing development among young children during their first years in school. Almost all children learn how to read and write, but how well and how fast they learn may vary. The reasons behind this variation can be found in a combination of factors linked to the individual, his or her background, education, and the environment in which the child grows up. There is more research about the development of reading than the development of writing (Taube, 2011) . Figure 1 gives an overview of factors assumed to have an impact on the reading and writing development of a Grade 3 student. Factors affecting reading and writing development that are directly related to each student are gender and age. We know that girls on average read better than boys (see for example Fredriksson & Taube, 2012; Fredriksson et al., 2018a; Skolverket 2010 Skolverket , 2012 Wagemaker, 1995) , and that older students usually read better than younger students (see for example Snow, Burns & Griffin, 1998) . Concerning the age factor, we know that among younger students it makes a statistical difference whether the students are born early or late in the year (see for example Fredriksson, 2002; Fredriksson & Taube, 2001 , 2012 .
The socioeconomic background of students also influence their reading and writing development. There is an association between the socioeconomic status of a family and a student's reading as well as between reading habits and reading activities in the family and student reading ability (see for example Fredriksson & Taube, 2012; Skolverket, 2010 Skolverket, , 2012 . Students from homes with higher socioeconomic status read on average better than students from homes with a lower status (see for example Fredriksson & Taube, 2012; Skolverket, 2010 Skolverket, , 2012 , but other factors related to the family seem to have an impact on the development of reading as well. Students from homes where reading and writing is more actively supported read on average better than students from homes where this support is weaker (see for example Fredriksson & Taube, 2012; Hart & Risley, 1995; Organisation for Economic Cooperation and Development [OECD], 2001) .
Family factors also influence the skills and knowledge students have when they start school. Students who have already learned to read have an advantage compared to other students when they start in Grade 1 (Skolverket, 2012) . We also know that linguistic awareness influences how easily a student will learn to read and write when he or she starts school (Snow et al., 1998; Taube, 2007) . A crucial part of linguistic awareness is phonological awareness (Taube, 2007; Taube et al., 2015) as well as the student's knowledge of letters (Scarborough, 1998) .
A number of factors related to the school have an impact on reading and writing development. Some schools may give their students better support than other schools. This can be related to how teachers teach, but also to the composition of students in the school (Fredriksson & Taube, 2012) . Some teaching methods and access to certain resources may positively influence reading and writing development. The general background of the students in a school may influence the results of individual students. If many students come from motivated and supporting homes, this may affect the whole climate in the school and also positively affect students from less motivated and supportive homes.
The language and cultural background of the students is another factor that influences reading and writing development. Students with a mother tongue other than Swedish read and write on average less proficiently in Swedish than the students with Swedish as their mother tongue (see for example Fredriksson, 2002; Fredriksson & Taube, 2001; Fredriksson et al., 2018b) . It should be noted that the variation in this group is rather large. The importance of the language spoken at home and cultural background is also related to other factors such as the socioeconomic status of the family, activities in the family, the school, and gender.
All the above-mentioned factors and those indicated in Figure 1 influence the reading and writing development of the students, but they also influence the reading habits of the students. Reading habits are then closely linked to reading and writing development (Fredriksson & Taube, 2012) as indicated in Figure 1 . In this context, this phenomenon is sometimes referred to as the Matthew effect (Stanovich, 2000) . For students whose reading is improving, it becomes easier to read; as they start to read more, their reading will improve even more. For those who find it difficult to read, the opposite is true: They will read less, which leads to their reading not improving. Depending on how a student's reading develops, negative or positive spirals will occur related to the student's skills.
When the reading and writing development of students are studied and comparisons are made between students who have received initial reading and writing instruction in schools using different approaches to the instruction, it is important to take all the factors mentioned above and in Figure 1 into consideration to confirm whether observed differences result from differences related to instruction or any other factor.
Methods
The study featured a quasi-experimental design, with 110 students in two project schools and 59 students in two control schools (see Table 2 for further details). The control schools were similar to the project schools. They were located in the same municipality, but did not get the same resources as the project schools. To explore the extent to which the use of computers in reading instruction made a difference, we followed students in the schools from the autumn semester in Grade 1 to the spring semester in Grade 3.
Students' linguistic skills were tested regularly with different test instruments from Grade 1 to Grade 3. In addition to the tests, the students also completed a questionnaire and the teachers were interviewed. Parts of the collected data were used to statistically estimate the effect of the intervention in the project schools. 
Participants
Two schools that participated in the project were identified as project schools by the educational office of the municipality. They received additional resources so that they could offer in-service training to participating teachers and provide computers to use in initial reading instruction. The in-service training consisted of regular meetings among the teachers, reading books together, study activities organised in the schools and participation in conferences. The in-service training contained more specific information about the use of digital media in instruction and about reading and writing development in general. The project schools also received more hours for remedial education, which meant that students who had been identified as having a need for more support could be given remedial education during longer or shorter periods during the first school year. According to the interviews with the teachers in the project schools, Trageton's recommendation on how to use computers in initial reading and writing instructions were followed as described above. Computers were used as the main tool for writing, but the students had to share a computer on two, which meant that they sometimes had to write by hand. No instruction in handwriting was given. Not all advice given by Trageton in his books concerning procedures and in which order to do things was followed. Two other schools that matched the project schools in terms of student population were identified as control schools. The control schools did not get any extra resources and were encouraged to continue with reading and writing instruction as usual. The main difference between the project schools and the control schools was that in the control schools, reading and writing instruction was given as they had been given for earlier groups of students, while the project schools received support that made it possible to actively use computers as an integral part of the reading and writing instruction. All four schools voluntarily agreed to participate. Schools A and B were the control schools, and Schools C and D were the project schools. Note. a Less than ten students (Skolverket, 2018) .
The schools included in this study had a lower share of students with immigrant backgrounds than the national level of 19% (see Table 1 ). The share of parents with tertiary education and the share of teachers with degrees in education is close to the proportion at the national level.
In the four schools, all students who started in Grade 1 autumn 2012 were part of the study, but as the study included collection of data from the students, their parents were contacted. The parents received information about the study, its purpose, and notice of voluntary participation. The children also received information about the project from their teachers. Parents who agreed that their children could participate were asked to complete a consent form. Table 2 shows the number of students in Grade 1 who started in autumn 2012 and how many of these students' parents gave permission for their participation. In total, 178 students had permission to participate. As some students moved to other schools during the three years of the study, these students could not be part of the whole study. New students that came to the classes could not be added to the study. The actual population participating in the study are those students who started in Grade 1 in autumn 2012 in the four involved schools, who were still in these schools at the end of Grade 3 in spring 2015, and whose parents had signed the consent forms. The least column in table 2 shows the distribution of students among the four participating schools. In total, data are available for 169 students from two project schools (C and D) and two control schools (A and B).
Instruments
To collect data, information was collected about the students (questionnaire); the students' language, reading, and writing skills (tests and mapping material); and classes and schools (interviews with teachers and principals).
To get basic data about the students, information was collected from the teachers. The teachers indicated year of birth, month of birth, gender, and mother tongue for each student. The teachers were instructed to indicate that a student had a mother tongue other than Swedish if they knew that language other than Swedish was spoken on a regular basis in the home and if the student was assumed to have knowledge in that language. Information was also collected directly from the students about their age, gender, mother tongues, resources at home, attitudes towards school, reading in their leisure time, reading instruction, and reading interest. This was done with a questionnaire that was mainly inspired by the questionnaire used in PIRLS 2011 (Skolverket, 2012) . The students answered the questionnaire in writing, but the teachers read the questionnaire for the students and gave some assistance on how to answer the questions, which were mainly multiple choice questions. Some additional information was also collected from the remedial teachers about which students had received remedial instruction, how many hours they had received such instruction, and how these hours had been distributed over the semester.
To get data about the students' reading and writing development, different tests and mapping materials were used. These tests and mapping materials were the same as those that were normally used in the schools. The difference was that this data was now reported and stored for further analysis. The information from the class lists, the tests, and the mappings were reported to the person in the municipality responsible for collecting the material and then further reported to the Department of Education at Stockholm University. The data transferred to Stockholm University did not contain any names of students, only a number for each student that indicated school and class. The tests used are listed in Table 3 . Three tests will be used for the analysis of the students' results in Grade 3: the national test (Skolverket 2015a) , the mapping material Good Reading Development (Lundberg & Herrlin, 2001) and Reading Chains (Jacobsson, 2001) . The national test is used for all students in Grade 3 to determine whether the knowledge requirements have been met or not. The mapping material Good Reading Development is not really a test, but a material to help the teachers to do a continuous formative assessment of their students' reading development. It is based on how the teachers have estimated the students' ability. Reading Chains (Jacobsson, 2001 ) is a screening instrument developed to assess students' decoding ability. It has been standardized according to relevant norms for test development.
In addition to the tests, the questionnaires and lists from the teachers, information were also collected through interviews with the teachers responsible for the involved classes, the remedial teachers who taught students in the involved classes, and the principals of the involved schools. The purpose of the interviews was to get more information about teaching methods in the classes, how the teachers have experienced the work in the classes, and about the schools in general.
Data Collection
Data were collected from September 2012 to May 2015. Table 4 shows which year and semester different material was collected. Interviews were held in four rounds. A first set of interviews was held with the teachers responsible for the involved classes, the remedial teachers, and the principals from September to November 2012. A second set of interviews was held with the teachers, the remedial teachers, and one principal from November to December 2014. A third set of interviews was held with the principals from May to June 2015.
A final round of interviews was held with the teachers and remedial teachers in September 2015.
Analysis
In the analysis, we took advantage of the many different tests that the students took from the first to the third grade. The results from the various tests were coded according to the instructions for each test. The data analysis was conducted with Stata 14.2 (StataCorp., 2015) . Descriptive statistics were computed and the test results for the students in the project schools were compared with the results for the students in the control schools. Effect sizes were calculated to obtain an impression of the magnitude and allow for a comparison of differences (Pedhazur & Pedhazur Schmelkin, 1991) . In accordance with common practice, effect sizes greater than 0.2 were considered small, greater than 0.5 were considered medium, and greater than 0.8 were considered large (Cohen, 1988) . Because the students were not selected by an independent sampling procedure, t-tests and statistical significances will not be reported (see e.g. Heckman, 1979; Wilkinson, 1999) . Instead, effect sizes were used to indicate the magnitude of differences between the project schools and the control schools. Moreover, percentile ranks (see e.g. Mellander & Svärdh, 2017) were computed for all test results to be able to get all the results from the various tests on the same scale to compare the students' performance from the first to the third grade. In this approach, the students' test scores were replaced with their rank in the distribution of test results; the distribution ranges from zero to 100. An individual who had the highest score on the test received the percentile rank 100, the one that had half of the students before him or her and half of the students after him or her was given the percentile rank 50, and the one with the lowest score received the rank zero. When a rank was computed for all students' results, the mean of the percentile ranks for the control schools and project schools were calculated.
In addition, multiple regression analyses were computed and the variables in Table 5 were used as independent variables. These variables were chosen in accordance with the factors influencing students' reading in Figure 1 . The purpose of the multiple regression analysis was to estimate the predictor project school while taking into account other independent variables known to be important in reading performance. The socioeconomic index was the sum of the following questionnaire items, number of books at home, possessions (computer, a desk to use, own books, own mobile phone, own TV, a globe, a piano, and other music instruments). The higher the value, the more possessions the students had reported. The hypothesised and tested regression models were set up drawing on the factors influencing reading development known from previous empirical findings described in Figure 1 . 
Results
In this section, we present the results for the various tests in Grade 3 and thereafter the multiple regression analysis. The aim was to measure the influence of the teaching method, learning to read through writing on computers, on the students' reading and writing development by controlling for several variables in the regression models. In the regression models, the predictor variable "Project school" indicates the estimated effect of the teaching method.
Tests in the First Grade
In the first school year, the students in the control school managed the various tests slightly better than the project schools (see Figure 2 ). The tests used were (a) Letter control, uppercase; (b) Letter control, lowercase; (c) Letter control, words; (d) Letter control, sentences; (e) Fonolek, phonological awareness, sound segments; (f) Fonolek, phonological awareness, the first sound; (g) Fonolek, phonological awareness, sound synthesis; (h) Fonolek, phonological awareness, total; and (i) Language screening (see Tables 4 and 5 ).
The Results of the National Test in Swedish in Grade 3
The national tests in Grade 3 have clear ceiling effects as can be seen in the density histogram in Figure 3 , which shows the frequency density on the y-axis. About 25% of the students in the control schools and in the project schools have the highest score on the test (42 points). A majority of the students in the present study as well as on a national level are graded with pass on the subtests (see Table 6 ). The subtests B (reading a narrative text) and C (reading a factual text) are graded as fail or pass and also with 0-18 points, respectively. For comparison, the national share of students who passed the national tests in Grade 3 has been added to the table (Skolverket, 2015b) .
The magnitudes of the mean differences between control schools and project schools were estimated using effect sizes. In Table 6 , a medium effect in favour of the project schools can be noted in the subtest where students are asked to write an expository essay. A small effect in favour of the project schools is noted in the subtest where the students read a narrative text and where they read a factual text. It should be kept in mind that the national tests in Grade 3 are not designed to differentiate between students. A multiple regression analysis where the national test in Swedish in Grade 3 was used as the dependent variable was performed (see Table 7 ) to estimate the effect of the teaching method (project school) while taking other variables into account. The students' results, all subtests included (see Table 6 ) had a range of 0 to 42 points. In Model 1, we controlled for remedial education (the total hours in school year one to three), a measure of socioeconomic background, gender, the performance on the phonological tests in the first grade, the time of the year when the student was born (Month), Swedish as the first language (L1), and changes of teachers. The results in Table 7 show that students who were taught in the project schools performed two points better on the national test in Swedish in Grade 3 than the control schools when the other variables were taken into account. In other words, this result indicates
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The next step was to perform a regression analysis where students who received remedial education were excluded (Model 2 in Table 7 ). This analysis showed an unchanged result for the project schools compared to Model 1. If a student was taught in a project school, then he or she received almost the same addition in points on the test, on average.
The Results on the Good Reading Development and Reading Chains Mapping Material
The results from the Good Reading Development mapping material (Figure 4) were not normally distributed but had slightly less ceiling effects than the national test. The Reading Chain test (the sum of the two tests of letter chains and word chains) in Grade 3 had an almost normal distribution (see Figure 5 ). This test is well triedout and standardized, and it measures the students' word recognition and worddecoding skills.
When the effect sizes for the differences between project and control schools were computed for the tests/mapping material in the third grade, it can be seen that two of the subareas in Good Reading Development have small and medium effect sizes in advantage to the project schools (see Table 8 ). However, the two Reading Chain tests showed small and medium effect sizes in the opposite direction; the students in the control schools performed better than the project schools in these tests. To compare the results over time for the various tests, we computed the percentile ranks for the tests to have all the results on the same scale. Figure 6 shows that the students in the project schools were outperformed by the students in the control schools in Grade 1, but in Grade 3 they performed slightly better than the control schools on three out of four tests. The small increase in performance in the project schools could be explained by the teaching method, the extra in-service training, or by the extra remedial education in the project schools. However, the control schools performed better than the project schools on the Reading Chains test in the third grade.
The tests presented in Figure 6 are Fonolek ( 3) . If we look at the percentile ranks (see the Analysis section for a description of the calculation) for the three tests in the third grade, it showed that the students in the control school managed the Reading Chains better than the students in the project schools (see Table 9 ). The project schools showed better results than the control schools on the national test and the Good Reading Development mapping material. The results for the three tests/mapping materials (Reading Chains, national test, and Good Reading Development) for project schools and control schools showed a larger difference between project and control schools for boys than girls when the percentile ranks are compared (see Table 10 ). However, in two of the tests the results for the boys were better in the project schools than in the control schools and in one test it was the other way around.
In Model 1 in the regression analysis in Table 11 , we used the results from the Good Reading Development mapping material as the dependent variable. This mapping material had a larger variation than the national test and the ceiling effects were not as apparent. The students' results had a range of 28 to 60 points in this material. This regression analysis shows significant coefficients for project schools, girls, phonological index, hours of remedial education, and changes of teachers. In 11 were taken into account. Moreover, the phonological index from Grade 1 did not contribute in explaining the variance in the results on Reading Chains in this model. In sum, it is not possible to provide clear evidence that the teaching method, learning to read through writing on computers, in the project schools had a more positive impact on the students' reading development compared, in the present sample, to the traditional methods in the control schools. In two cases, the national test and Good Reading Development, the students performed slightly better in the project schools also after controlling for remedial education, gender, and other variables. On the other hand, the results from the Reading Chains test showed that the control schools outperformed the project schools, also when controlling for several variables. Below, we will discuss the results and the limitations of the study.
Limitations
Before we discuss the results it is important to highlight some of the limitations of the study. The study had a quasi-experimental design, which means that it was not possible to randomly assign students and teachers to the project or the control schools. This is a problem that means possible school and teacher effects could occur. By controlling for different factors (see Table 12 ), we have tried to minimize these risks, but there are obviously a number of factors that are very difficult to control for. Another clear limitation was that the municipality included three different interventions in the project schools at the same time (i.e., the method to learn to read through writing on computers, the extra remedial education, and the extra in-service training for the teachers). This made it difficult to isolate the effect of each of these interventions. It was possible to control for the time spent on remedial education, but it cannot be excluded that early remedial education could have had other positive effects that could not be controlled for. It was not possible to control for the in-service training. We know from earlier research that teachers' competence and in-service training have a positive impact on teachers' instruction (see, e.g., Barber & Mourshed, 2007; Hill, 2007; OECD, 2009 ) and that the positive impacts of the use of technology in education increase when teachers have received training specifically related to this (Archer et al., 2014) .
Another problem was that two of the tests/mapping materials used in Grade 3 were not designed to differentiate between students. The national test in Swedish in Grade 3 has the purpose of testing whether the students reach the objectives for Grade 3 in the curriculum. The national tests have also been criticized because they have failed to identify students with dyslexia (Herkner, 2011; Herkner, Westling Allodi & Olofsson, 2014) and that the level of difficulty has been considered too low among teachers (SOU 2016:25) . The Good Reading Development mapping material is designed to support the teachers' formative assessment of the students' development. The third test, Reading Chains, was most suited for evaluation purposes, but it only measures some of the skills needed to read and write (i.e., word recognition and decoding skills). Unfortunately, the Good Reading Development mapping material and the national test are not well-suited for this type of evaluation and had ceiling effects.
Discussion
The overall aim of the study was to evaluate the effect of the teaching method in reading and writing using computers in the project schools. The purpose of the study was two-fold: (a) to investigate if there were any differences between the schools in respect of students' reading and writing skills at the beginning of Grade 1 and at Learning to Read Using Computers 45 the end of Grade 3 and (b) to see if possible differences between the students in the schools can be explained by the use of computers.
It is not possible to give conclusive evidence that the traditional teaching in the control schools gave better reading and writing development, or the other way around, with the teaching with computers in the project schools. It seems clear that the students in the control schools managed decoding and word recognition better than the students in the project schools in the autumn semester of the third grade. This could be due to the slightly higher level that the students in the control schools had to start with, but even when we controlled for the phonological awareness in Grade 1 the control school students outperformed the project school students in the Reading Chains test. As mentioned in the Limitations section, the Good Reading Development mapping material and the national test had ceiling effects. Nonetheless, they showed slightly better results for the project schools. A possible reason could be that they also include different skills and the national test includes a large degree of writing. The students in the project schools wrote on their computers and could possibly have practiced writing more than the control school students.
When boys' and girls' achievements were compared, it was clear that the differences between the boys, in the project and control schools, were larger than between the girls. Gender accounted for a large part of the difference, in that the boys managed the Reading Chains test better in the control schools and the national test and the Good Reading Development mapping material better in the project schools. The girls seemed to be less sensitive to the teaching methods and managed the tests similarly in both the project and the control schools. However, the regression analysis using the national test as the dependent variable gave no additional effect when adding gender to the model, when the effects of all other variables in the model were accounted for, but when Good Reading Development and Reading Chains were used there was a significant effect for gender in favour of the girls.
It could be argued that the results are possible to generalize to other similar Swedish schools because the variation in student background in the present sample is similar to many Swedish schools regarding parents' educational level but the share of immigrant students is slightly lower in the sample compared to the national average. Nevertheless, it should be kept in mind that the schools included in the sample had a lower share of students with an immigrant background than the average school in Sweden.
The results from this study are in line with results from earlier research discussed in a previous section, both research on the use of computers in general in reading and writing instruction (Hattie, 2009; Håkansson & Sundberg, 2012; NICHD, 2000; Taube et al., 2015) and the more specific approach referred to as "learning to read through writing on computers" (Agélii Genlott & Grönlund, 2013; Agélii Genlott & Grönlund, 2016; Folkeson, 2004; Folkesson & Swalander, 2007; Liberg, 2014) . In the same way as in earlier research, the results in this article are mixed and do not give strong support to the assumption that the use of computers in reading and writing instruction is better than more traditional reading instruction, but it also does not give support for an assumption that the use of computers in reading and writing instruction should be less good than the traditional reading and writing instruction. Some of the results could also be interpreted as being in line with earlier findings that there may be more of an advantage for the use of computers when it comes to writing skills than to reading skills.
Conclusions
The results showed that although the control schools had a slight advantage in Grade 1, the project schools caught up and the project students performed slightly better on the national test and the Good Reading Development mapping material in Grade 3. However, the students in the control schools, with traditional teaching, outperformed the students in the project schools on the Reading Chains test, designed to measure word recognition and decoding skills. Despite extra resources for teacher in-service training, additional support, and digital technology, the control schools presented results comparable to those of the project schools. The time spent in remedial education was controlled for, but it was not possible to separate the possible effects of extra in-service training for the teachers in the project schools since data on the amount of in-service training was missing. Moreover, the authors have the intention to make further analyses of the material in other articles, but then with focus on the impact of the remedial education.
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